Purpose: No previous study using follow-up ultrasonography for evaluating the factors associated with the successful regression of congenital muscular torticollis in young infants has been published. This study aimed to assess clinical factors and sonographic features potentially influencing regression in patients with congenital muscular torticollis. Methods: From January 2010 to December 2012, 80 infants underwent neck ultrasonography because of clinical suspicion of congenital muscular torticollis. We statistically analysed the correlation between complete resolution and clinicosonographic findings when complete resolution was defined as no visible lesion on follow-up ultrasonography. Results: Of the 80 infants, 61 had congenital muscular torticollis and all were followed up by ultrasonography: 1) 34 underwent physiotherapy, and 27 of them (79.4%) revealed complete resolution in follow-up; 2) 27 did not undergo physiotherapy, and 15 of them (55.6%) showed complete resolution. A statistically significant correlation was found between physiotherapy and complete resolution, but not between complete resolution and patient sex; size, volume, and echogenicity of the lesion; and thickness ratio. Conclusions: Physiotherapy was the only factor influencing complete resolution in young infants with congenital muscular torticollis.
Congenital muscular torticollis (CMT) is a common disorder involving the sternocleidomastoid muscle (SCMM) and occurs at an incidence ranging from 0.3%-1.9% [1, 2] . Neonates or infants with CMT present as a postural neck abnormality, with the head typically tilted towards the lesion side of the neck with the affected SCMM but rotated towards the opposite side of the neck [3, 4] . The traditional diagnostic tool for CMT is physical examination [5] , but ultrasonography (US), computed tomography, and magnetic resonance imaging are also used to evaluate CMT [6] . In particular, neck US can easily detect CMT and is the imaging modality of choice for the imaging-based evaluation of this condition [7] . A localized or diffuse enlargement of the SCMM, ranging from 8-16 mm in the largest transverse diameter, is a common finding in CMT with neck US [8] .
CMT shows uniformly good results if the diagnosis is made early and treatment instituted [4,9e13] , whereas most patients show a reduction in the size of the SCMM lesion spontaneously [14, 15] . To our knowledge, a few quantitative studies on the clinical outcome in CMT patients have been found [2, 3, 5, 9] , but there is no previous study using followup US for evaluating the associated factors in complete resolution of CMT. In infants who are clinically suspected of CMT, US is not only a valuable diagnostic tool but also a useful indicator for the treatment [14] . The aim of this study was to assess clinical factors or sonographic findings influencing the outcome in CMT patients, using follow-up US findings as the reference standard and dividing 2 groups according to the application or nonapplication of physiotherapy.
Materials and Methods

Patients
This retrospective study was approved by the Institutional Review Board, which waived the requirement for informed consent. From January 2010 to December 2012, 89 infants (36 girls and 53 boys; age range, 0-5 months; mean age, 1.3 months) with clinical suspicion of CMT (with neck tilt and/or a palpable neck mass) underwent neck US with consent from their parents/guardians. Inclusion criteria were as follows: 1) clinical suspicion of CMT; 2) neck US performed by a radiologist who has 12 years of experience in the sonographic detection of CMT and other neck lesions; and 3) at least 1 follow-up US exam after the initial US. Exclusion criteria were as follows: 1) postural or spasmodic torticollis; and 2) absence of follow-up US. Ultimately, 80 infants (31 girls and 49 boys; age range, 0-5 months; mean age, 1.3 months) fits the criteria for the study.
Neck Ultrasonography
Neck US was performed using a high-resolution ultrasound instrument (iU 22; Philips Healthcare, Andover, MA USA) equipped with a 5-12 MHz linear probe. A single radiologist who had an experience of !1000 cases/year over 12 years performed the neck US. Sonographic criteria of CMT were as follows: 1) localized or diffuse enlargement of the SCMM in comparison with the adjacent normal portion of the ipsilateral SCMM or contralateral normal SCMM; 2) the absence of a neoplasm or vascular lesion.
The location, anteroposterior and transverse diameter, length, echogenicity, and volume of CMT and the thickness ratio of the SCMM were recorded. The highest values for the anteroposterior and transverse diameters and the length were measured directly. The echogenicity of CMT was classified as isoechogenicity, low echogenicity, and high echogenicity in comparison with the echogenicity of the adjacent normal SCMM. The CMT volume was calculated using an ellipsoid formula according to the shape of the lesion (width Â length Â height Â 0.52). The thickness ratio of the SCMM was defined as the ratio of the thickness of the involved SCMM to the thickness of the normal SCMM.
Physiotherapy
When the parents or guardians of CMT infants required physiotherapy, CMT infants immediately underwent a standard physiotherapy program that involved manual stretching for 30 minutes 3 times per week [2] . Manual stretching followed a standardized protocol: 3 repetitions of 15 manual stretches of the tight muscle with sustained force for 1 second and a rest period of 10 seconds between each stretch. Manual stretching therapy for CMT infants was performed by a physiotherapist who was trained in pediatric neuromuscular disorders. However, the parents or guardians of the infants were taught to carry out a home program of active positioning and passive stretching, regardless of the application or nonapplication of physiotherapy.
Follow-up Ultrasonography
The same high-resolution US instrument (Philips iU 22) was used after physiotherapy in the follow-up of the CMT lesion by the same radiologist. All the CMT patients had the different time interval between physiotherapy and follow-up US, whereas they underwent at least 1 follow-up US exam after termination of physiotherapy. On follow-up US, the interval sonographic change of the previous CMT lesion was investigated, and was used as a criterion for determining whether the successful or failed resolution of the CMT had occurred. The outcome of CMT was classified as follows: no change (remaining muscular lesion of the known CMT), incomplete resolution (decrease but not complete disappearance of the lesion), or complete resolution (complete disappearance of the known CMT, regardless of muscular echogenicity). The cases with complete resolution were classified as successful category, while those with no change and incomplete resolution were classified as failed category (called nonresolution).
Statistical Analysis
Continuous variables are expressed as mean AE standard deviation, and categorical variables are summarized using counts and percentage. The patients were grouped on the basis of the presence of resolved CMT in follow-up US (resolution and nonresolution). Continuous and categorical variables were compared between 2 groups using the independent t test and chi-square test. A categorical variable (physiotherapy) was analysed by using Fisher's exact test. Variables with P values <.20 (Wald test) from univariate logistic regression analysis were considered candidate predictors and were selected into a multivariate logistic regression analysis to determine an optimal logistic regression to compare the 2 groups.
All statistical analyses were performed using SPSS for Windows (version 17.0.1; SPSS, Inc, Chicago, IL). A P value of <0.05 was considered statistically significant.
Results
Of the 80 infants, 61 (20 girls and 41 boys; age range, 0-5 months; mean age, 1.3 months) were sonographically diagnosed with CMT, while 12 were confirmed to have benign lymph nodes, no sonographic abnormalities (n ¼ 6), and a congenital cystic neck lesion (n ¼ 1). The clinical data of the 61 CMT patients are listed in Table 1 . In the 34 CMT patients who underwent physiotherapy, the mean session of physiotherapy was 6.4 (range, 1-13), and the mean interval between the last session of physiotherapy and the last US follow-up was 6.3 months (range, 3-12 months). The mean interval between the initial neck US and the last follow-up US in 34 CMT patients with physiotherapy and 27 CMT patients without physiotherapy was 7.8 months (range, 6-18 months) and 7.4 months (range, 6-12 months), respectively.
The relevant findings of follow-up US in the 61 CMT patients are summarized in Table 2 . All 61 patients were sonographically followed up. Of these patients, 34 underwent physiotherapy, and 27 (79.4%) achieved complete resolution (Figure 1) . The remaining 27 patients did not undergo physiotherapy, and 15 (55.6%) showed complete resolution in follow-up ( Figure 2 ). Hence, complete resolution was observed in a total of 42 patients, and all these patients showed complete disappearance of the previous palpable neck mass in the follow-up physical examination. A statistically significant correlation was observed between physiotherapy and a successful outcome (P ¼ .047, univariate logistic regression analysis; P ¼ .004, multivariate logistic regression analysis), but not between a successful outcome and the patient sex, delivery type, echogenicity of the lesion, the size and volume of the lesion, and thickness ratio (Table 3) . And, only patient age at the diagnosis was found to be independently associated with nonresolution of CMT (P < .001, univariate logistic regression analysis; P ¼ .001, multivariate logistic regression analysis).
Discussion
A number of hypotheses have been proposed as explanations for CMT, including intrauterine crowding or vascular phenomenon, fibrosis resulting from peripartum bleeds, compartment syndrome, and primary myopathy of the SCMM. However, the etiology of CMT remains a topic of debate [16, 17] . Histologic findings of resected surgical specimens include edema, muscle thickening and fiber degeneration, and fibrosis [7, 18] . US is considered the diagnostic tool of choice for CMT and can be used to rule out a tumourous condition [4, 7, 19, 20] . The typical US finding of CMT is a focal or diffuse enlargement of the SCMM in the lower two-thirds of the muscle [8, 19] . The echogenicity of CMT can be a useful diagnostic finding, and the ratio of the hyperechoic lesion to the normal portion of the involved SCMM may be used as an indicator for treatment [2, 14] .
The detection age of infants with CMT ranges from 24 days to 4 months [4] . In the present study, the mean detection age was 1.3 months and represented an early detection. In terms of sexual predominance, some studies have reported a similar prevalence between genders [21, 22] . However, 1 study found a slight male predominance [23] . The observed male predominance in the present study is consistent with this previous report. The location of the CMT is variable according to various studies [5, 22] , and this study showed a left-sided predominance. Similar to previous studies [1, 19] , the present one showed a high incidence of CMT for normal delivery compared to caesarean section. Moreover, in accord with the previous studies, the incidence of high echogenicity was greater than that of isoechogenicity or low echogenicity when the adjacent SCMM was used in the comparison. Several studies have been performed in regards to predictive factors for a successful outcome in CMT patients [1,5,9e12,14,18e24] . The degree of SCMM injury, patient age at the initial physiotherapy, and the echogenicity of the CMT lesion have been found to be potentially related to the resolution [1, 9, 14] . In the present study, only physiotherapy showed a statistically significant association with complete resolution of CMT, whereas patient age at the diagnosis was independently associated with nonresolution of CMT. Based on the results of this study, we believe that the most important factor in the complete resolution of a CMT lesion is the early application of physiotherapy.
In the present study, we investigated the location, anteroposterior and transverse diameter, length, echogenicity, and volume of CMT and the thickness ratio of the SCMM for the comparison of outcome in CMT patients, whereas the degrees of neck tilt or rotation were not evaluated. In the literature, the clinical and sonographic findings of CMT are strongly correlated [17, 18] . In particular, sonographic findings are well correlated with clinical severity because muscular thickening is due to the proliferation of fibrous tissue [18] . Therefore, we believe that our study result is useful for the management of CMT patients despite the absence of functional details, such as the degree of neck tilt or rotation.
This study had several imitations. The major limitation was that regular US follow-ups were not performed. Additional limitations were that a single radiologist performed all the neck US, the evaluations of the degree of neck tilt and motion (functional analysis) were not examined, and longterm US follow-ups over 12 months were not performed. Moreover, CMT infants 7 months old or older were not included. Finally, quantitative analysis of a home program of active positioning was not performed.
Conclusion
In conclusion, the results of this study demonstrate that physiotherapy was the only factor influencing complete resolution in CMT, whereas the patient age was the only factor influencing nonresolution in CMT despite physiotherapy. Therefore, early diagnosis and early application of physiotherapy in CMT patients are important in the successful resolution. In addition, follow-up US may be useful for the management of CMT patients, despite the absence of functional details. 
